Drowning and near-drowning can abruptly devastate the lives of both the affected victims and their families. In addition to the complications directly caused by the submersion, several indirect causes of morbidity exist. Infection is one of the complications associated with near-drowning, and pneumonia is the most severe of these infectious complications. The risk factors, microbiological causes, diagnostic approach, and appropriate therapy for pneumonia associated with near-drowning are not well described in the literature. Herein, we review the epidemiology and pathophysiology associated with near-drowning, discuss the potential mechanisms of infection, and describe the likely risk factors for pneumonia related to near-drowning. We also detail the microbiological causes of this entity and provide important clinical and epidemiological information associated with specific pathogens. Finally, we summarize an appropriate diagnostic and therapeutic approach to pneumonia associated with near-drowning.
Drowning and near-drowning are catastrophic events that confusing and sometimes inconsistent terminology used to deoccur unexpectedly in the lives of individuals who are often scribe immersion events also impacts on the estimated inciyoung and otherwise healthy. Common mechanisms for injury dence of these tragedies. The following terms are used in deare hypoxemia, acidosis, and hypoperfusion. While pulmonary scribing submersion events [3] . Drowning is death from and neurological damage is a major cause of morbidity and asphyxia within 24 hours of submersion. Near-drowning is a mortality, a submersion event can be devastating to all of the submersion episode of sufficient severity to warrant medical major organ systems. Other life-threatening abnormalities attention. Secondary drowning is death from complications include cardiovascular instability and renal failure due to isch-ú24 hours after the submersion event. Immersion syndrome is emia and metabolic abnormalities and disseminated intravascusudden death, probably mediated through the vagus nerve, due lar coagulation [1, 2] . Infection is yet another potential to cardiac arrest after contact with cold water. Submersion life-threatening complication of near-drowning. While the atinjury is any submersion resulting in hospital admission or tributable morbidity and mortality associated with infection in death (e.g., near-drowning, drowning, or spinal cord injury). victims of near-drowning are not known, bacterial and fungal A save is a water rescue or removal of a victim from water by infections certainly play a role. Of the infections associated someone who perceived the individual to be a potential victim with near-drowning, pneumonia is one of the most devastating.
of a submersion injury. We review the epidemiology and pathophysiology of drowning Drowning causes Ç8,000 deaths per year in the United and near-drowning and relate them to near-drowning-associStates, making it the fourth leading cause of accidental death. ated pneumonia. We also summarize the pathogens that have Near-drowning is estimated to occur from 2 to 20 times more been described as causes of near-drowning-associated pneumofrequently [2 -4] . The percentage of near-drowning victims nia and suggest an appropriate diagnostic and therapeutic apwho develop pneumonia is unknown, as most of the informaproach for patients with near-drowning-associated pneumonia.
tion available on this subject is based on anecdotal case reports and series. Near-drowning victims have not yet been prospecEpidemiology tively assessed for the frequency of this complication. Kennedy et al. [5] prospectively studied children who had experienced Incidence. The annual rate of submersion injuries is unsevere aspiration events. Thirteen individuals in that prospecknown [2] , primarily because of incomplete reporting. The tive group were near-drowning victims. Seven of those neardrowning victims developed infection (probably pneumonia, although this was not explicitly described). Unfortunately, the retrospective review of 91 near-drowning victims; however, Aspiration. One factor that likely determines risk of pneumonia after near-drowning is whether the victim aspirates. Folthey did not include the complication of pneumonia as part of the analysis. In addition, episodes of pneumonia following lowing an unexpected submersion, voluntary apnea occurs. The apnea continues until the PaCO 2 and PaO 2 levels reach a threshsubmersion have been described in multiple small case series. Thus, while the incidence of pneumonia associated with nearold beyond which involuntary breathing occurs, resulting in aspiration of water. Some individuals will aspirate a small drowning is unknown, the findings in these series suggest that it is not a rare event.
amount of fluid during the initial apneic phase resulting in laryngospasm. In many of these victims, the laryngospasm will Age, sex, and comorbid conditions. Most drowning and near-drowning involves males, particularly those in the 10 -eventually relax due to hypoxemia, allowing further aspiration. However, for unclear reasons, the laryngospasm will not re-19-year age group [2, 3, 8] . This factor is probably related to the high-risk activities that males engage in during their solve in a small minority of drowning victims, and they will drown without aspirating fluid. Approximately 10% of drownadolescent years. Consequently, near-drowning-associated pneumonia has been more commonly reported for males. There ing victims do not aspirate [1, 3, 4, 7] . By extrapolating this information to near-drowning victims, it would be expected is no reason to expect males to be at more risk biologically for pneumonia after a near-drowning. For females, the highest that a significant minority of these individuals would avoid aspiration and possibly be at lower risk for complicating pneurate of drowning and near-drowning is among those 1 -2 years old, reflecting a known propensity of toddlers for accidents.
monia. Most near-drowning victims aspirate õ3 -4 mL/kg of fluid, and postmortem studies of drowning have shown that at The peak incidence of drowning and near-drowning is bimodal for males, with the highest incidences observed during todleast 85% of victims aspirate õ22 mL/kg [2, 21] . The volume of aspirate may influence the risk of pneumonia after a submerdlerhood and adolescence, reflecting both the predisposition of toddlers for accidents and the high-risk behavior more comsion event. One would intuitively expect a larger inoculum to place the victim at higher risk of infection, but this supposition monly displayed by young men [3, 8] .
The majority of drowning and near-drowning incidents inhas never been studied. Primary or secondary event. Another pathophysiological volve young and otherwise-healthy individuals. Drowning is the third most common cause of death overall in the 10 -19-factor that may impact on the risk of developing near-drowning pneumonia is the secondary nature of many of these submersion year-old age group, second only to motor vehicle injuries as a cause of accidental death [3] . For this young, healthy populaevents. A significant number of submersion events are secondary to seizures, syncope, trauma, or sudden death [20] . These tion, a relatively good rate of recovery from near-drowningassociated pneumonia would be expected. Contrary to this asindividuals often do not have a voluntary apneic phase and may aspirate substantially more fluid than other near-drowning sumption, however, the case fatality rate associated with near-drowning-associated pneumonia is 60% (30 deaths in 50 victims. However, one could postulate that reflex laryngospasm is still present in these victims, allowing for substantial proteccases) (table 1) . Pneumonia caused by Aeromonas species, Burkholderia pseudomallei, and Pseudallescheria boydii after tion from large-volume aspiration. Whether suffering near drowning as a secondary event increases an individual's risk near-drowning appears particularly morbid [9 -17] . The relatively high case fatality rate associated with near-drowning of pneumonia is unknown. Gastric aspiration. The aspiration of gastric contents as a pneumonia due to these organisms is somewhat unexpected because the victims have been young and otherwise healthy.
result of near drowning may also increase the risk for neardrowning-associated pneumonia. While aspiration of large volThe mortality attributable to pneumonia among these individuals is unknown, and other factors related to the near-drowning umes of fluid is uncommon in near-drowning incidents, gastric ingestion of large volumes of fluid is not [3, 5, 8] . Often indimay certainly have played significant roles. viduals in the panic of an unexpected submersion event swallow a significant amount of water. This places the near-drownPathophysiology ing victim at significant risk for vomiting, particularly during resuscitation. With the victim often neurologically comproThe ultimate mechanism of injury after all submersion events is hypoxemia-and ischemia-induced organ damage [2, 18 - mised, aspiration of vomitus easily occurs. Autopsy studies have shown that approximately one-fourth of drowning victims 20]. However, the events leading to the final outcome are varied and have an unclear impact on the risk of near-drowning aspirate vomitus [20] . Aspiration of gastric contents causes significant inflammatory damage to the pulmonary parenpneumonia. In order to accurately determine the risk of pneumonia associated with near-drowning (as it relates to pathochyma, which places the person at increased risk of pulmonary infection, not only with oropharyngeal organisms, but also with physiological mechanisms), a prospective trial must be done. However, several factors associated with the pathophysiology those found in the aquatic environment. Contaminated aspiration. Several other factors may play of near-drowning likely determine the probability that pneumonia will develop. a role in determining the risk of near-drowning-associated * Definite Å chest radiographic evidence of pneumonia or histopathologic evidence of pneumonia and a positive culture of a specimen from a normally sterile site (blood, pleural fluid, or CSF) and a positive culture of an airway specimen (same organism isolated from the sterile sight).
† Probable Å chest radiographic evidence of pneumonia or histopathologic evidence of pneumonia and a positive culture of a specimen from a normally sterile site (blood, pleural fluid, or CSF) or a positive culture of an airway specimen.
‡ Possible Å chest radiographic evidence of pneumonia or histopathologic evidence of pneumonia or a positive culture of a specimen from a normally sterile site (blood, pleural fluid, or CSF) or a positive culture of an airway specimen. § Denominator reflects number of patients for which information was available.
pneumonia. A submersion event in contaminated water (e.g., monia and the type of organism causing illness. The metabolic and division rate of organisms generally increase with increasthat containing sewage or manure) likely increases the risk of pneumonia. The types and amounts of human pathogens found ing temperature [22] . Thus, the number of organisms increases with increasing temperature. While this concept is not true in in the aquatic environment are significantly increased in contaminated water. Aspiration of contaminated water increases all situations (e.g., polluted water), it is usually the case. In general, bacteria and fungi have a narrow temperature range the risk of pneumonia due to certain organisms, as described below. Seventy percent of drowning victims aspirate mud, in which they can survive. Psychrophilic bacteria (those that grow optimally in a cold environment), such as Vibrio marinus, sand, and fragments of aquatic vegetation [20] . As a result, the surrounding environment may play a significant role in the risk as a rule are unable to survive at temperatures ú25ЊC [22] . Because these bacteria predominate in cold-water environments and type of near-drowning-associated pneumonia. Furthermore, individuals who experience near-drowning in a shallow and generally do not tolerate human physiological temperatures, pneumonia following very-cold-water submersion events environment are more likely to aspirate particulate material, potentially increasing the risk of near-drowning-associated is probably less common. This point is not trivial, as Alaska has the highest drowning rate of any state in the United States, pneumonia after shallow-water submersion events.
Water temperature. The temperature of the water involved primarily due to occupational exposure [8] . The lack of case reports of near-drowning-associated pneumonia from the state in a submersion event may affect both the likelihood of pneu-
09-19-97 08:27:29 cidas UC: CID reflect the fact that more immersion events occur in freshwater [3, 8] .
Nosocomial pneumonia. Finally, while near-drowning cering and the setting in which these organisms are likely to cause this syndrome (tables 1 and 2). tainly elevates the risk of pneumonia caused by waterborne organisms and typical oropharyngeal organisms, individuals Aerobic gram-negative bacteria. Aeromonas species are prevalent causes of pneumonia associated with near-drowning who experience near-drowning are also at significant risk for nosocomial pneumonia. The significant damage done to the [9, 26 -33] . Aeromonas hydrophila is the most common aeromonad reported to cause near-drowning-associated pneumonia, epithelial lining of the lungs places these individuals at higher risk for developing pulmonary infection. Many of these victims but this finding may represent a failure to differentiate species in the clinical laboratory until recently [9] . The organism is require monitoring in the intensive care unit, mechanical ventilation, and H 2 blockers. These factors increase the risk of nosofound in both freshwater and brackish water and causes pneumonia after near-drowning in both saltwater and freshwater. comial pneumonia, most commonly due to gram-negative aerobic organisms [25] .
While invasive infection with Aeromonas species is more commonly reported among individuals with liver disease and hematopoietic malignancies, most episodes of near-drowning-associated pneumonia due to this organism occur in otherwise healthy Organisms that Cause Near-Drowning-Associated hosts [9] . More than 70% of these victims have bacteremia.
Pneumonia
The mortality associated with this serious aeromonas infection may approach 60%, although the attributable mortality is unThe causes of pulmonary infection associated with near drowning are quite varied. Most of the organisms causing this known. Most of the cases that have been described involved the development of sepsis and pneumonia within 24 hours of syndrome are only described in case reports or small case series. Consequently, no single case definition is used to deadmission to the hospital after a brief period of stability after submersion. While the antimicrobial susceptibilities of Aeroscribe near-drowning-associated pneumonia, and some cases reviewed in the literature may not represent true pulmonary monas depend on the species, most aeromonads are susceptible to aminoglycosides, extended-spectrum penicillins, third-geninfection. Defining near-drowning-associated pneumonia is particularly difficult, as many victims develop adult respiratory eration cephalosporins, carbapenems, aztreonam, trimethoprim-sulfamethaxazole, and fluoroquinolones [34] . distress syndrome, and some develop fever without clear infection. Despite these limitations, both bacteria and fungi have Burkholderia pseudomallei is the organism that causes melioidosis, a disease that occurs almost exclusively between 20Њ been well-described in the literature as causes of pulmonary infection after a submersion event. The following section renorth latitude and 20Њ south latitude and is endemic in Southeast Asia [35] . The organism can be isolated from soil and freshwaviews the organisms which cause pneumonia after near-drown-/ 9c3d$$oc02 09-19-97 08:27:29 cidas UC: CID ter in Southeast Asia [36, 37] . B. pseudomallei is also a cause by the significant delay in the development of pneumonia and the fact that positive sputum cultures have not been reported. of near-drowning-associated pneumonia in areas where this pathogen is endemic [10, 11, 38] . A 46-year-old female with Clinicians should suspect this pathogen when a patient appears septic up to several weeks after a near-drowning in stagnant no reported medical illness developed B. pseudomallei pneumonia 2 weeks after nearly drowning in a river near Manila, water in the southeastern United States. The organism is usually susceptible to extended-spectrum penicillins, aminoglycosides, the Philippines [37] . The patient developed a cavitary lung lesion, and both sputum and blood cultures yielded B. pseutetracyclines, chloramphenicol, trimethoprim-sulfamethaxazole, and fluoroquinolones [47] . Its susceptibility to extended-spectrum domallei. The patient recovered after she was treated with cephalothin and amikacin.
cephalosporins is variable. Francisella philomiragia is an organism rarely reported to Four military personnel in South Vietnam developed submersion-associated pneumonia with B. pseudomallei after because human infection. Five cases of F. philomiragia infection after near-drowning are reported in the literature; all occurred ing propelled into a rice patty by an explosion [10] . All of these patients sustained significant burns but were clinically after immersion in saltwater [48] . Francisella tularensis, the organism that causes tularemia, has been isolated in freshwater stable until Ç1 week into their hospitalizations, when they developed septic shock. Three of the patients died within 48 and is known to cause illness associated with exposure to freshwater [49] ; however, this organism is not reported to cause hours, and autopsies revealed that B. pseudomallei involved multiple organs, including the lungs. One patient was treated near-drowning-associated pneumonia.
All five of the individuals with F. philomiragia infection presumptively with chloramphenicol and tetracycline. He initially responded to treatment but subsequently died. It is unclear associated with near-drowning had positive blood cultures, and three had evidence of pneumonia (all of these patients had in these cases if the pathogen entered through the respiratory tree because of aspiration or because of breaks in the integureceived corticosteroids within 24 hours of admission to the hospital). Three of the four patients for whom adequate informent caused by the burns these patients had sustained.
A 30-year-old healthy Thai man developed B. pseudomallei mation was available recovered. The nonsurvivor had severe anoxic brain damage and was declared brain dead after receivpneumonia and sepsis after he was involved in a motor vehicle accident and aspirated muddy water [11] . Cultures of blood, ing a 7-day course of antibiotic therapy. An autopsy of this patient revealed pneumonia and pulmonary abscesses. Clinisputum, and the environment at the accident site yielded B. pseudomallei. The patient died of complications of his cians should suspect this organism as a cause of pneumonia in victims of near-drowning in saltwater. Although the pathoillness. Most B. pseudomallei are susceptible to trimethoprimsulfamethoxazole, third-generation cephalosporins, extendedgenicity of F. philomiragia in cases of freshwater drowning is unknown, the organism has been isolated in freshwater [50] . spectrum penicillins, carbapenems, monobactams, chloramphenicol, and tetracyclines [39 -41] .
F. philomiragia is susceptible to extended-spectrum cephalosporins, fluoroquinolones, aminoglycosides, chloramphenicol, Chromobacterium violaceum is a common soil and freshwater inhabitant found in subtropical and tropical climates that and tetracyclines [48] . Several Enterobacteriaceae, including Klebsiella pneumonrarely causes human illness. Most infections in the United States occur in the Southeast, particularly in Florida [42] . Seviae, have been reported to cause pneumonia after near-drowning [5, 6, 51, 52] . Many of these reported cases of near-drowneral cases of C. violaceum infection are described in association with exposure to stagnant water [42, 43] . C. violaceum is also ing-associated pneumonia are probably nosocomial, although classification is difficult, since few environmental cultures from associated with near-drowning-associated pneumonia.
Four cases of C. violaceum sepsis associated with near-drownthe near-drowning site were obtained. K. pneumoniae is commonly found in environmental sites including seawater [23]. ing have been described in the literature [42, [44] [45] [46] . In three of the four cases, the illness occurred ú1 month after the nearUnfortunately, while several cases of near-drowning-associated pneumonia due to Enterobacteriaceae (including K. pneumondrowning. Bacteremia occurred in three of the four cases, and pulmonary infiltrates were present on chest radiographs in two iae) have been reported in limited detail [5, 6, 52] , only one case of klebsiella pneumonia after a near-drowning has been of four cases. Positive sputum cultures or autopsy cultures of the lung were not described in any of these cases. C. violaceum described in detail [51] . A 60-year-old female developed bilateral pneumonia 20 hours after admission for a saltwater nearpneumonia associated with near-drowning may involve a different pathophysiology than other causes of near-drowning-associdrowning. The patient later developed fever, and her sputum culture yielded K. pneumoniae. She responded well to cephaated pneumonia. As infection with C. violaceum often causes disseminated disease (including involvement of the lungs) and loridine and polymyxin and was discharged without further treatment 16 days after admission. several cases have occurred after exposure of wounds to water [42, 43] , the portal of entry is likely through the skin, with Organisms in the genus Legionella are known freshwater inhabitants [53, 54] . Hence, these organisms would also be resultant bacteremia and eventual development of hepatic and pulmonary infection and abscesses. This concept is also supported expected to be a potential cause of near-drowning-associated / 9c3d$$oc02 09-19-97 08:27:29 cidas UC: CID pneumonia. A 71-year-old Japanese female developed Lecases. A 44-year-old healthy male developed fever 4 days after a saltwater near-drowning. Both blood and sputum cultures gionella pneumophila pneumonia 4 days after nearly drowning in a hot-spring spa [55] . The organism was isolated from a yielded a non-cholera Vibrio species. The organism was also isolated from water in the region of the submersion event. The tracheal sample and from the site of the near-drowning. The patient was treated with erythromycin and recovered after propatient defervesced after three days of tobramycin therapy but went into cardiac arrest 2 days later and died [64] . Another longed hospitalization. One case of non-pneumophila legionella pneumonia was reported in a near-drowning victim [56] . The described case contains less clinical information. A 34-year-old otherwise healthy male developed Vibrio vulnificus pneumonia victim was a 60-year-old male with chronic lymphocytic leukemia who developed right-upper-lobe pneumonia 2 -3 weeks after a saltwater near drowning. He was treated with cefoxitin and tobramycin but died 2 days after hospital admission. Unforafter being submerged in dirty swamp water. Despite treatment with penicillin and cephalothin and the subsequent addition of tunately, culture and chest radiographic details were not reported [63] . erythromycin, the patient developed complications of his illness and died. Postmortem cultures of the lung yielded StaphylococHence, while Vibrio species often cause illness associated with saltwater exposure, they are rarely reported as a cause of cus aureus, Enterococcus faecalis, Escherichia coli, Enterobacter species, and Bacillus species. Culture of the lung tissue pneumonia associated with near-drowning. Nevertheless, they should be included in the differential diagnosis of pneumonia also yielded a Legionella-like organism. In another case suggestive of Legionella as a cause of near-drowning-associated associated with near-drowning. Vibrio species are susceptible to many antimicrobials including tetracyclines, fluoroquinopneumonia, a 36-year-old male developed bilateral bronchopneumonia 2 days after learning scuba diving in a freshwater lones, most b-lactams, and trimethoprim-sulfamethoxazole [63 -66]. swimming pool [57] . Despite treatment with penicillin and streptomycin and subsequent treatment with chloramphenicol
Other aerobic gram-negative organisms. Many aerobic gram-negative bacilli have been isolated from saltwater and and erythromycin, the patient died. Postmortem cultures of the lung yielded Acinetobacter species, Pseudomonas aeruginosa, freshwater but have not been reported to cause pneumonia associated with near-drowning [23, 58] . However, one would S. aureus, and other Pseudomonas species. The lung-tissue cultures also yielded Legionella bozemanii, suggesting the posexpect that many of these organisms are capable of causing this illness. Shewanella putrefaciens, a natural inhabitant of sibility that this organism was a cause of the patient's illness.
P. aeruginosa is commonly isolated from both freshwater the ocean, was implicated in one case of pneumonia after neardrowning [67] . The victim, a 56-year-old healthy male, develand seawater [23, 58] . Despite this water tropism, the organism is uncommonly reported as a cause a pneumonia after nearoped pulmonary edema and respiratory failure and required mechanical ventilation. He quickly recovered and was extudrowning [59 -61] . The paucity of reported cases of neardrowning-associated P. aeruginosa pneumonia is likely due to bated, but he developed fever 4 days after the submersion event. Sputum cultures yielded both S. putrefaciens and the difficulty in differentiating pneumonia due to aspiration of the organism during near drowning from a purely nosocomial S. aureus, and water obtained from the saltwater near-drowning site yielded S. putrefaciens. Chest radiographic findings and process. Furthermore, this organism as a cause of pneumonia may not be believed ''unique'' to the clinicians caring for nearblood culture results obtained during the patient's febrile illness were not reported, leaving the diagnosis of pneumonia difficult drowning victims; therefore the illness may not be reported. Three of the four reported cases of this illness occurred after to confirm. S. putrefaciens is usually susceptible to aminoglycosides, extended-spectrum penicillins, extended-spectrum immersion in hot tubs, and the fourth occurred after immersion in a river. Two of the patients developed illness within 48 cephalosporins, and fluoroquinolones [67 -69] . It is of interest that a high rate of resistance to imipenem was reported in one hours, the other two developed illness within 5 days; two of the four patients died. Physicians must consider P. aeruginosa recent case series of S. putrefaciens bacteremia [68] . Some aerobic gram-negative organisms also inhabit the oroin the differential diagnosis of organisms causing near-drowning-associated pneumonia, particularly during the first 5 pharyngeal tract in the immunocompetent and nonhospitalized host. One would expect that these organisms may cause pneudays after admission and in the setting of near-drowning in a hot tub. monia associated with near-drowning. However, near-drowning-associated pneumonia due to typical aerobic gram-negative Vibrio species are common water inhabitants typically found in saltwater and brackish water, but they are also recovered orophayngeal flora has only been reported for one organism, Neisseria mucosa, in only one case report [70] . A 21-year-old from freshwater [23, 58] . While numerous cases of waterborne vibrio infection have been reported [62, 63] , few of these have alcohol abusing female developed bilateral pulmonary infiltrates and fever soon after admission to the hospital because been pneumonias.
Four cases of near-drowning-associated pneumonia caused of a near-drowning event in brackish water. Two sets of blood cultures performed 48 hours after admission yielded gramby Vibrio species have been reported in the literature [62 -64] . However, the clinical details are reported in only two of these negative coccobacilli, later identified as N. mucosa. The patient / 9c3d$$oc02 09-19-97 08:27:29 cidas UC: CID had persistent fever despite antimicrobial therapy that included ryngeal tract [73] . S. aureus has been described as causing near-drowning-associated pneumonia in only one case [7] that tobramycin, chloramphenicol, cefotaxime, and erythromycin. She developed progressive multiorgan system failure and died is not reported in detail. The paucity of case reports of neardrowning-associated pneumonia due to this organism may repon day 14 of her hospitalization. Postmortem examination failed to confirm bacterial pneumonitis. This case report is resent a reporting bias, since pneumonia due to this organism in a critically ill patient may simply represent a nosocomial supportive, although not conclusively, of the finding that N. mucosa is a cause of near-drowning-associated pneumonia.
process. As with pneumonia due to the Enterobacteriaceae, differentiating S. aureus pneumonia due to near drowning vs. Aerobic gram-positive bacteria. Few species of aerobic gram-positive bacteria are cultured from either seawater or a nosocomial process is difficult. Therefore, clinicians may be reluctant to report such cases. Nonetheless, while S. aureus freshwater [23, 58] . Therefore, as one would expect, these organisms are less commonly reported as a cause of pneumonia may represent a potential pathogen in cases of near-drowningassociated pneumonia, the issue remains unsettled. after submersion. However, some aerobic gram-positive organisms inhabit the human oropharyngeal mucosa. These potenAnaerobes. Anaerobes are not typically isolated from the aquatic environment, but they are common inhabitants of the tially pathogenic organisms may be translocated into the moredistal airways during an aspiration event. Despite this potential oropharyngeal tract. Further, they are the most common pathogens causing aspiration pneumonia [74] . As near-drowning vicmechanism of infection, of the aerobic gram-positive bacteria, only Streptococcus pneumoniae and S. aureus have been retims frequently aspirate vomitus and oropharyngeal contents, one would expect these organisms to cause pneumonia associported to cause this illness.
While S. pneumoniae is not a typical inhabitant of freshwater ated with near-drowning. Between 25% and 50% of gastric aspiration victims develop pulmonary infection [5, 75, 76] . It or seawater, the organism commonly colonizes the upper respiratory tract. Hence, near-drowning-associated pneumonia due is surprising that anaerobes have not been reported as a cause of pneumonia associated with near-drowning. This notion probto this organism probably results from aspiration-induced lung damage and translocation of the bacteria to the distal pulmonary ably reflects the difficulty in isolating these organisms in culture, as well as a reporting bias, as noted with nosocomial airways. Pneumococcal pneumonia has been reported as causing aspiration pneumonia [71]. Vernon et al. [72] described pathogens. Although these organisms are not described as causing near-drowning-associated pneumonia, they should still be three cases of near-drowning-associated pneumonia due to S. pneumoniae. Three healthy young children were involved considered a potential cause of pneumonia after an immersion event. in these events. Two of the events occurred in freshwater (one in a river and another in a swimming pool), and one occurred Fungi. Numerous potentially pathogenic fungi are ubiquitous in the environment and have been isolated from freshwater, in saltwater. Each child developed fever, neutropenia, and cardiopulmonary instability 12 -24 hours after the near-drowning saltwater, and contaminated water [77, 78] . Most of these organisms are typically opportunistic. However, in the setting of nearand died within 1 week. Cultures of blood and sputum yielded S. pneumoniae in all of the cases.
drowning, at least one-and probably two-of these organisms causes severe infection in the immunocompetent host. Damage Kennedy et al. [5] reviewed 21 cases of aspiration that involved children, seven of whom developed bacterial infections.
sustained by the lung tissue from the immersion event and/or the large inoculum of organisms associated with submersion Thirteen near-drownings were included in the 21 cases. Furthermore, five of the seven infected individuals were nearmay predispose the immunocompetent host to infection with fungi. Both Pseudallescheria boydii and Aspergillus species drowning victims. Four of the victims had S. pneumoniae bacteremia (three also had S. pneumoniae recovered from sputum have been reported to cause this illness [12] [13] [14] [15] [16] [17] [79] [80] [81] [82] . P. boydii (and its asexual form, Scedosporium apiospermum) samples). This report does not describe which of the children with S. pneumoniae infection were near-drowning victims; is a ubiquitous fungus found in coastal waters and freshwater as well as in polluted or contaminated water [14, 77, 78] . however, on the basis of the information provided, at least two of them must have fallen into this category. In addition, the Pneumonia due to this organism has been reported in several cases of near drowning [12 -17, 79, 81, 82] . review does not describe chest radiographic findings or clinical details of the individual cases. Nonetheless, on the basis of the Most of the cases of P. boydii pneumonia occurred in otherwise healthy individuals who were involved in near-drowning available case reports, S. pneumoniae appears to cause neardrowning-associated pneumonia, and empirical therapy should events that occurred in sewage, polluted water, stagnant water, or muddy water. Some of the patients developed evidence of provide coverage for this organism in cases of pneumonia after a near-drowning event. This concept is especially true for chilthis infection within 1 week after immersion, but others manifested this illness much later. Two of the patients became ill dren, as all of the reported events have involved young, healthy children.
4 -6 months after the initial near-drowning event. Nearly all of the reported cases of this illness involved dissemination of S. aureus is culturable from both freshwater and seawater [23, 58] . The organism also frequently colonizes the nasophathe organism, particularly to the CNS [12 -17, 79, 81, 82] .
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The CNS manifestations usually include meningitis and brain kocytosis in the absence of infection [20, 90] . Critically ill victims may develop hypotension due to cardiac damage or abscesses. Another site of dissemination is the eye, with the development of endophthalmitis [16] . P. boydii pneumonia electrolyte abnormalities, and this condition may mimic septic shock [1, 4, 90] . Cultures of sputum and specimens obtained should be included in the differential diagnosis for any neardrowning victim who develops neurological abnormalities after at bronchoscopy are often difficult to interpret for any critically ill patient, and near drowning may further complicate this intera period of convalescence or develops meningitis or brain abscess. The infection should also be considered in those with pretation. Organisms growing in these cultures may represent true pathogens, airway colonization, or contamination from the evidence of meningitis or brain abscess, even if pneumonia is not suspected, as some patients have developed evidence of environment.
Rigorous diagnosis of near-drowning-associated pneumonia neurological infection before pneumonia was diagnosed [15, 17] . Cultures and stains of CSF are often negative despite the is based on the presence of signs and symptoms suggestive of pneumonia, a new focal pulmonary infiltrate on a chest fact that multiple specimens are obtained by lumbar puncture; therefore, physicians may need to perform ventricular aspiraradiograph, or histopathologic evidence of pneumonia, as well as isolation of the organism from the blood, the airway, and tion or brain biopsy to obtain appropriate specimens for staining and culture or treat such patients empirically [15 -17, 79] .
water from the near-drowning location. Unfortunately, environmental cultures are rarely obtained. Some organisms, particu-P. boydii infection is very difficult to treat, as the organism is often resistant to amphotericin B [83] . Miconazole appears larly the gram-negative bacilli such as Aeromonas, C. violaceum, B. pseudomallei, and F. philomiragia, are frequently to have the best in vivo activity against P. boydii [82, 84] , and most patients have been treated with this antifungal by using isolated from the blood in cases of near-drowning-associated pneumonia. The identification of bacteremia adds strong eviboth intravenous and intraventricular routes of administration (nearly all of the patients had disseminated CNS infection) [12, dence of illness and allows directed antimicrobial therapy. Therefore, victims of near-drowning should have blood for 14, 16, 82] . Itraconazole, fluconazole, and ketoconazole appear to have reasonable in vitro activity against this organism [85] .
cultures drawn, particularly if they are critically ill or have evidence of infection. However, some organisms that cause P. boydii pneumonia has been treated successfully with itraconazole, and some investigators have recommended this agent pneumonia associated with near-drowning, such as fungi, are difficult to culture from the blood. In many cases of this illness, as first-line treatment for infections due to this fungus [86 -88] . P. boydii infection has also been cured with use of ketocothe findings necessary to make a rigorous diagnosis are lacking, and one must often rely on a compatible clinical scenario with nazole [89] . However, most victims with this infection have died; those who recovered were treated with miconazole [82] .
suggestive radiographic and/or culture data. Aspergillus species are found in various locations including soil, seawater, polluted water, and sewage [77, 78, 80] . ThereManagement fore, one would expect this organism to be a potential cause of pneumonia associated with near-drowning. However, this
While near-drowning has been studied both prospectively and retrospectively (albeit in small studies), some aspects of fungus has rarely been reported to cause pneumonia associated with submersion. One case of invasive pulmonary aspergillosis management of near-drowning victims remain controversial [5, 6, 7, 91] . In particular, the management of near-drowning in occurred in a 27-year-old male with bronchiectasis after nearly drowning in a ditch [80] . The patient recovered after treatment relation to pneumonia remains controversial. These controversies may be difficult to settle without large, prospective trials, with intravenous and aerosolized amphotericin B and flucytosine. The organism was not recovered from the near-drowning which would be difficult to perform. Prophylactic antimicrobials. The use of prophylactic antisite. While P. boydii is more commonly reported to cause pneumonia associated with near drowning, Aspergillus is a biotics is generally not recommended [1, 3, 8, 18, 19, 90] . Two retrospective reviews of near-drowning have addressed this potential cause of this illness.
issue, and neither showed any benefit from using prophylactic antibiotics [6, 7] . No reduction in pneumonia or mortality was Diagnosis noted. Furthermore, those individuals who develop pneumonia while receiving prophylactic antibiotics are often infected with The diagnosis of pneumonia associated with near-drowning is difficult. Uninfected near-drowning victims may have signs, resistant organisms. In addition, several reviews of aspiration did not show benefit from using prophylactic antibiotics [76, symptoms, and diagnostic findings suggestive of pneumonia. Most near-drowning victims will have pulmonary symptoms 92 -94] . Some authors have recommended frequent sputum cultures and the use of antimicrobials directed at specific pathoand abnormalities on chest radiographs. The radiographic abnormalities are variable but are often bilateral and diffuse [2, gens [6, 7, 8, 19] . However, interpretation of sputum culture results in the setting of near-drowning and critical illness is 7, 18, 20, 90] , which can obscure other abnormalities suggestive of pulmonary infection. Some victims have fever and leudifficult; therefore, this approach should be avoided in the ab-/ 9c3d$$oc02 09-19-97 08:27:29 cidas UC: CID sence of other evidence of pulmonary infection. In their probecause they have significant side effects, including immunosuppression. While cerebral edema is less common in these spective evaluation of aspiration (most of the cases were neardrowning victims), Kennedy et al. [5] noted a high rate of victims than once believed [6, 18, 91] , corticosteroid therapy may be required if this complication develops. infection. Therefore, these investigators suggest using prophylactic antibiotics in the setting of severe aspiration. Other invesInduced hypothermia. Another controversial therapeutic modality used in treating near-drowning victims is induced tigators have suggested using antibiotics in the setting of neardrowning in contaminated water [1, 3, 60] . In most situations, hypothermia. When hypothermia occurs during the immersion, it protects the brain from ischemic damage [97, 98] . However, the use of prophylactic antibiotics in the setting of near-drowning should be avoided.
when hypothermia is induced after near-drowning, it does not appear to be protective. Furthermore, hypothermia induces neuAntimicrobial therapy. The decision to start antibiotic therapy for potential near-drowning-associated pneumonia is often tropenia [91] . Data from animal studies suggest a 50% decrease in the number of polymorphonuclear leukocytes with induced a difficult one. Near-drowning victims often display signs and symptoms of pneumonia, even in the absence of this ailment.
hypothermia [99] . Near-drowning victims treated with hypothermia develop significant neutropenia and are at higher risk Many of these victims have fever and leukocytosis without other evidence of infection [20, 90] . Most have pulmonary of infection [91] . Therefore, induced hypothermia should be avoided as a treatment for near-drowning. signs and symptoms after submersion events. Chest radiographs are often difficult to interpret in this setting [2, 18, 20, 90] .
Bronchoalveolar lavage. The usefulness of bronchoalveolar lavage in evaluating victims of aspiration events is unAs near-drowning-associated pneumonia may be particularly severe in association with some organisms [9 -17] , the threshclear. Whether this procedure may be useful in decreasing the risk of pneumonia after submersion is equally nebulous. The old for starting empirical antibiotic therapy should be low.
Individuals who should receive antibiotics include victims theoretical benefit of bronchoalveolar lavage for near-drowning victims includes a reduction in lung parenchymal damage from who either present with or develop fever, pulmonary infiltrates, and evidence of systemic toxicity or hemodynamic instability aspiration (which potentially increases the risk of pneumonia) and the removal of contaminated particulate material from the without a clear source. Although this conservative approach results in the treatment of some individuals without infection, airways. One autopsy study revealed that 70% of victims had foreign particulate material in their airways [20] . This material it will prevent clinicians from missing most cases of this potentially devastating complication of near-drowning. Most bacteincluded vomitus, mud, sand, and fragments of aquatic vegetation. Victims at particularly high risk of aspirating contamirial causes of near-drowning-associated pneumonia can be treated with an extended-spectrum penicillin/b-lactamase innated material include those immersed in grossly contaminated water, those drowning in shallow water, and those who display hibitor combination. If the patient is moderately ill, the addition of an aminoglycoside should be considered. A reasonable ema violent agonal struggle near the bottom. Unfortunately, parenchymal lung damage from acid aspirapirical alternative for those individuals with significant penicillin allergies includes clindamycin and a fluoroquinolone.
tion occurs almost instantaneously, and bronchial secretions are buffered within minutes [92, 95, 100] . Furthermore, most The use of empirical antifungal therapy for near-drowning victims should generally be avoided. However, if the victim is experimental studies of therapeutic lavage for victims of aspiration show either no improvement or more damage [95, 101, slow to respond to antibacterial therapy, develops pneumonia several weeks after the submersion event, or develops brain 102]. Bronchoalveolar lavage is generally recommended for removal of large particulate matter, particularly in the setting abscess and/or meningitis, a diagnosis of invasive fungal disease should be aggressively pursued. The most common cause of loss of lung volume [75, 92] . Therefore, if this complication exists in the setting of near-drowning, this procedure should of near-drowning-associated pneumonia due to fungi, P. boydii, is very difficult to diagnose microbiologically and is usually not be performed. Whether lavage is indicated for victims of neardrowning in contaminated water is unclear. However, bronsusceptible to amphotericin B. Therefore, empirical antifungal therapy is difficult to provide, even when there is a high clinical choalveolar lavage cannot yet be recommended as routine preventative treatment of near-drowning-associated pneumonia. suspicion of fungal pneumonia. Regardless of empirical therapy, definitive treatment needs to be based on culture and susceptibility testing results (if available) because of the exConclusion tremely broad microbial causes of this illness.
Glucocorticoids. The routine use of steroids in the setting Pneumonia associated with near-drowning is a severe complication of a potentially devastating event. While the incidence of near-drowning should be avoided. Numerous animal and human trials conducted to study near-drowning and aspiration of this infection is not known, it is certainly not a rare event.
The risk factors for developing this illness after near-drowning have not revealed any clinical benefit from using corticosteroids [6, 7, 76, 93, 95, 96] . Without a clearly defined benefit from are not clearly defined because of the paucity of studies addressing this issue. However, if clinicians understand the pathothe use of corticosteroids, they should be avoided in this setting / 9c3d$$oc02 09-19-97 08:27:29 cidas UC: CID
